Abstract
Introduction

39
Water shortage and soil erosion are the two main threats to sustainable agriculture in hilly red 
72
To find out best use of soil moisture under natural conditions and to make future predictions about 73 the hydrological processes, agro-hydrological simulation models are commonly used to provide 74 precise and detailed knowledge of the soil water dynamics and crop water use (Kikuchi et al., 75 2015). The HYDRUS-2D model has been used world-wide to simulate soil water dynamics and 76 water fluxes under different types of land use (Šimůnek et al., 2011 This study was carried out on the erosion plot experiment (Fig. 1) were air-dried, ground, and passed through a 2 mm sieve to determine some basic soil properties 103 after following routine methods (Klute, 1986; Lu, 2000 California, USA) probes, respectively. These were connected to a data logger (Delta-T Devices (Fig. 1) . The runoff at the lower end of plot was monitored by 124 a tipping bucket system (Khan and Ong, 1997 Genuchten-Mualem parameters (van Genuchten, 1980):
where S e is the effective saturation, and  s and  r are the saturated and residual water content
142
(cm 3 cm -3 ), respectively; , n, and m are the fitting parameters (dimensionless), and m is 143 assumed to be 1-1/n. K s is the saturated hydraulic conductivity (cm day -1 ), and  is a pore (m=1-1/n) parameters. During the soil drying period, more than 50 paired data of soil water 147 content and matric potential (h= -2000 cm) were selected for determining the parameters of soil 148 water retention curve. These fitted parameters (Table 2) by using root mean square errors (RMSE):
where N is the number of observations, and P and O are the modeled and observed values of soil 158 water content, respectively. 
Simulation domain and boundary conditions 160
The simulation domain was selected as one dimension (z= 100 cm) with four mesh lines at causing a seasonal drought. However, in 2012-13, this was only a feature in July and October.
199
Thus, the climatic data in the year 2013-14 were typical for this area.
200
The basic soil properties were land use dependent (Table 1) contents at the middle and foot slope positions were higher by 5.0% and 6.5% in citrus, and by 217 7.9% and 10.3% in the peanut field, respectively, compared to those at the up slope position.
218
The fitted van Genuchten parameters  s and  r were nearly the same for the two land uses, but  219 was greater in the citrus plot than in the peanut-fallow plot ( Table 2 ). The optimized K s ranged 220 from 3.5 to 9.80 and from 6.1 to 15.0 cm day -1 for the peanut-fallow and citrus plots,
221
respectively, where the highest values were observed for the surface soil layer ( pairs of observed and predicted water content from the peanut and citrus plots during the 224 calibration ( Fig. 3 ) and validation years (Fig. 4) showed good performance for HYDRUS-2D for 225 each land slope position and for each soil depth, as indicated by the RMSE ( water stress to citrus was also observed during the winter season (Fig. 6) . In different soil layers 241 of the citrus plot, the PAW was generally lower than that of the peanut-fallow plot. Higher PAW
242
and lower soil water stress was observed at the foot slope position compared to the middle and 243 up slopes, especially in the peanut-fallow plot. 
Water fluxes in hilly red soil under peanut-fallow and citrus land uses
245
The water balance components were dependent more on the land use than on slope position 246 (Table 4) . For the two year data, on average, the peanut-fallow land use at different slope 247 positions showed 3.0-4.3 times higher runoff than the citrus orchard. Runoff occupied 13-22% of 248 rainfall in the peanut-fallow plots but only 4-6% in the citrus plots due to canopy intercept.
249
Runoff, which was monitored at the erosion plot, was not highly dependent on the slope position.
250
The HYDRUS-2D simulated ET c was 25-28% and 12-19% higher at the citrus plot compared to 
No tillage in the citrus plot improved hydraulic properties
261
The higher bulk density of the surface layer in the citrus plot relates to the reduced tillage 
288
The reduced surface runoff in the citrus plot resulted from the interception of rainfall by citrus 289 trees and the increased macropore flow (Table 4) . Additionally, tree canopy decreases the (Tables 1 and 2 ) and an increased macroporosity due to the biological activities and reduced 
HYDRUS-2D parameterization and model application 310
The measured data produced higher values of K s than did the optimized values, which might be a van Genuchten parameters n and  were optimized due to the soil structure heterogeneity in the 316 presence of biological channels and macropores. Similar to many other studies (Fan et al., 2015;  close match between measured and predicted moisture contents. We observed reasonably good 319 correlation between the measured and simulated soil water content, with a better fit of model to 320 deeper soil depths (Table 3) . Moreover, the HYDRUS-2D simulation results with close 321 resemblance were the best alternative for the missing data, e.g., when the data logger was not 322 working (Figs 3 and 4) . Furthermore, deeper drainage and ETc, which are difficult to monitor or and a less soil water content at deeper soil layers throughout the year than the peanut plot.
335
The citrus plots generated greater ET c , less runoff, greater deep drainage than the peanut plot. Mg m 
